2000) was particularly severe, widespread temperate taxa typically retreated to distinct 84 glacial refugia in Mediterranean regions (Hewitt, 1999 (Hewitt, , 2000 Petit et al., 2003) . Genetic 85 diversity was progressively lost due to founder effects as populations recolonized 86 northern areas following glacial retreat (Hewitt, 1999 (Hewitt, , 2000 , except in mid-latitude 87 areas where admixture of lineages from distinct refugia has often led to elevated genetic 88 diversity (Petit et al., 2003) . 89
In other temperate regions of the world, phylogeographic patterns were 90 structured by very different geographies and glacial histories. In eastern North America 91 (ENA), early studies tended to emphasize genetic breaks between populations 92 separated by rivers and mountain ranges (Soltis et al., 2006; Jaramillo-Correa et al., 93 2009 ). In western North America, major refugia existed in the Pacific Northwest and 94 (Shafer et al., 2010) . In East Asia, responses to glaciation included not only latitudinal 96 migration, but also elevational and longitudinal migration and in situ persistence (Qiu et 97 al., 2011) . The complexity of these classic paradigms has recently been expanded in all 98 four northern hemisphere regions to include small, low-density cryptic refugia in areas 99 previously thought unsuitable for habitation by temperate species ( Bennett, 2008; Qiu et al., 2011) . However, the molecular and fossil evidence supporting 102 the existence of cryptic refugia is not universally accepted (Tzedakis et al., 2013) . 103
Compared to the other three northern hemisphere temperate forest regions, ENA 104 is phylogeographically unique for at least three reasons. Firstly, its geography is 105 relatively simple, characterized by a large contiguous landmass with only a single north-106 south mountain range of modest height (i.e., the Appalachians), and generally gradual 107 transitions between ecosystem types. Secondly, latitudinal temperature gradients during 108 the LGM were particularly steep, with warm areas located in close proximity to glaciers 109 (Tzedakis et al., 2013 (Little, 1971 ). In the 145 northern half of temperate ENA, C. cordiformis occupies many habitats but occurs most 146 frequently on mesic soils and bottomlands (Smith, 1990 ), whereas C. ovata is common 147 on a wider variety of sites (Graney, 1990) . In southern areas both species are less 148 common and typically restricted to wet, fertile soils (Graney, 1990; Smith, 1990) . 149
Phylogeographic knowledge is completely lacking in C. cordiformis. In C. ovata, 150 analysis of cpDNA haplotypes has revealed no clear pattern, as some haplotypes are 151 widespread throughout the entire range and others are more spatially restricted, 152 including in formerly glaciated areas (Lumibao et al., 2017) . Carya pollen is not typically 153 distinguished to the species level, but LGM-age pollen of Carya has been found at low 154 density over large areas of the southeastern USA (Prentice et al., 1991; Jackson et al., 155 2000) . Carya macrofossils dating to the LGM have been found in southern Tennessee 156 (35ºN; Jackson et al., 2000) , and trace amounts of pollen as far north as southern 157 Illinois (39ºN; Grüger, 1972) . However, the presence of small amounts of pollen in 158 northern areas is not necessarily indicative of local presence, as pollen can be reworked 159 from layers representing different time periods, or transported by wind over long 160 distances (Tzedakis et al., 2013) . 161
Many of the ca. 13 North American Carya species readily hybridize with one 162 another (Fralish & Franklin, 2002) . Geographically structured hybridization may impact 163 phylogeographic inferences in tree species (Saeki et al., 2011; Thomson et al., 2015) , 7 and one limitation of our analyses is that we are unable to assess patterns of 165 hybridization with other Carya. However, no stable hybrid zones exist in our species and 166 we consider it unlikely that occasional hybridization would systematically bias genetic 167 structure in a similar way across thousands of loci. 168
169

DNA sampling and SNP genotyping 170
Silica-dried leaf tissue was collected from 182 individuals of each species from 171 populations across ENA ( Fig. 1 ; Tables S1.1-S1.2). Sampled individuals within each 172 population were separated by a minimum of 50 m (but sometimes up to dozens of km) 173 in order to minimize the chance of sampling siblings and other close relatives. Sample 174 size varied greatly among populations depending on the number of individuals meeting 175 these requirements that could be located (mean N = 7.8; Tables S1.1-S1. (Table S1 .1) was excluded for C. cordiformis because some, but not all 231 individuals from this population formed a distinct genetic cluster, which suggests that 232 several closely related individuals were unintentionally sampled and the high genetic 233 similarity between these individuals could have biased initial PCA results. 234
Genetic clusters were characterized using FASTSTRUCTURE v.1.0 (Raj et al., 235 2014), with all populations and individuals included, using the recommended procedure 236 for detecting subtle genetic structure. Initially, the simple prior model was used and the 237 number of clusters (K) was varied from 1 to 6 for each species, and K was selected 238 using the chooseK tool in FASTSTRUCTURE. Then, FASTSTRUCTURE was rerun 100 239 times using the logistic prior model for the optimal value(s) of K, and final estimates of 240 genetic membership of individuals in each genetic cluster were obtained as the average 241 membership from the five runs with the highest likelihood, following Raj et al. (2014) . 242
After investigating the broadest level of structure within each dataset, we reran 243 FASTSTRUCTURE on individual genetic clusters in order to test for substructure within 244 clusters. 245
246
Paleodistribution modelling 247
Species distribution models (SDMs) were constructed in order to predict the 248 potential distribution of each species during the Last Glacial Maximum (LGM; 21.5 ka). 249
Complete details of SDM construction and data sources are given in Appendix S1, and 250 occurrence records are available for download from the Dryad Digital Repository (DOI: 251 XXXXX). Briefly, occurrence records were obtained from the US Forest Service Forest Genetic diversity showed little variation among populations for both species (Fig.  275 2). A significant decline in genetic diversity with increasing latitude was not observed for 276 any genetic diversity measure (H o , H e , π) for either species. Instead, a significant 277 increase in H o with increasing latitude was observed in C. cordiformis (R 2 = 0.23, p = 0.021), as was a marginally non-significant increase in H o with increasing latitude in C. 279 ovata (R 2 = 0.19, p = 0.051). Although genetic variation was fairly uniform across 280 latitudes, far northern and far southern populations sometimes showed slightly lower 281 values of H e and π than typical of mid-latitude populations (Fig. 2 and among most pairs of populations (Tables S1.3-S1.4). 285
286 Spatial genetic structure 287 Spatial genetic structure in both species is very weak and dominated by a pattern 288 of isolation by distance (IBD). Mantel tests of IBD were statistically significant in both 289 species (C. cordiformis: r = 0.36, p = 0.0017; C. ovata: r = 0.47, p = 8.1 x 10 -5 ; Fig. 3 ). 290
Principal component analysis (PCA) also revealed an IBD-like pattern, without 291 clearly defined, distinct genetic clusters ( Fig. 4) . One exception to this pattern is that in 292 C. ovata, the Texas population (TX; bright pink dots, Fig. 4b ) forms a separate cluster 293 that does not overlap with any other populations. However, the relative position of TX 294 along PC axes is still closest to that of geographically proximate western and southern 295 populations, consistent with an IBD pattern. 296
Lack of strong genetic structure was also suggested by FASTSTRUCTURE 297 results. Under the model with simple priors, the optimal number of genetic clusters was 298 K = 1 for both species. Under the model with logistic priors, which is more useful for 299 detecting subtle structure (Raj et al., 2014), optimal K ranged from 1-6. However, the 300 logistic priors model is prone to overfitting (Raj et al., 2014) and K > 2 did not produce results that were biologically interpretable. We therefore note that K = 1 or 2 is likely the 302 optimal model complexity to explain genetic structure. In both species with K = 2, 303 genetic structure was weak and similar to an IBD-like pattern (Figs. 5, S1.2). In C. 304 cordiformis, a gradual north-south transition between clusters was evident. In C. ovata, 305 the transition between clusters was primarily from east to west. No substructure was 306 evident within any genetic cluster for any species, except that within the western cluster 307 for C. ovata, optimal K = 2 and the Texas population (TX) forms a distinct subcluster 308 relative to the other four populations (AR, IA, ON, WI; data not shown). However, the 309 grouping of these four populations into a distinct subcluster may be only a statistical 310 artifact reflecting the substantial additional membership of each these four western 311 populations in the main eastern cluster. 312 313
Paleodistribution modelling 314
The same four climatic variables were coincidentally retained in the SDMs for 315 both species: maximum temperature of the coldest month, potential evapotranspiration 316 of the warmest quarter, mean annual precipitation, and climatic moisture index (Table  317 S1.5). For both species, models were able to predict the current species distribution (Fig.  318 1) very well along the northern and western range edges, but performed more poorly at 319 delineating the southern range edge (Fig. 5 ). This poorer performance may reflect the 320 fact that both species are rare in the southern portion of their ranges, where presence 321 and absence may be determined more by soil type and topography (Graney, 1990; 322 Smith, 1990 ) than by broad-scale climatic differences among sites. For both species, a 323 large, continuous area of high LGM habitat suitability is predicted to have extended over much of the southeastern US, from central Texas to exposed continental shelf off the 325 coast of North Carolina, and south to northern Florida (Fig. 5) . In both species, genetic structure is weak and geographic patterns of genetic 342 variation are primarily characterized by IBD, rather than sharp genetic breaks among 343 regions. Although some geographic structure was detected with FASTSTRUCTURE, IBD 344 is known to bias tests of hierarchical genetic structure (Frantz et al., 2009; Meirmans, 345 2012 ). In particular, such tests are susceptible to incorrect inference of multiple genetic 346 clusters when populations are geographically subsampled from within a single larger cluster subject to IBD (Frantz et al., 2009; Meirmans, 2012) . We note that a rangewide 348 IBD pattern is present in our datasets (Fig. 3) , and genetic structure is weak in both 349 species (optimal K = 1 to 2), with only gradual geographic transitions between inferred 350 genetic clusters (Fig. 1) . Similarly, substantial overlap among populations exists along 351 the first and second principal component axes (Fig. 4) 
Despite generally uniform genetic diversity across populations in terms of H e and 371
π, observed heterozygosity (H o ) increases with increasing latitude in both species (Fig.  372 2). Higher genetic diversity in northern regions might reflect the effects of larger 373 populations in the north that are less subject to genetic drift (Griffin & Barrett, 2004 ), but 374 genetic drift would be expected to simultaneously affect H e and π (not only H o ). A more 375 likely explanation is that decreased H o in the south reflects an increase in homozygotes 376 due to inbreeding in generally smaller, more isolated southern populations, but that this 377 effect has not yet led to a loss of overall genetic diversity at the population level (H e , π). 378
We also note that far northern and far southern populations of both species 379 sometimes exhibit slightly lower population genetic diversity (H e , π) than mid-latitude 380 populations (Fig. 2) . In this case, we do suspect that this pattern reflects reduced gene 381 flow between core and peripheral populations and loss of diversity due to genetic drift in 382 generally smaller, more isolated peripheral populations (Hampe & Petit, 2005 ; Jaramillo-383 Correa et al., 2009). However, in some European taxa, elevated mid-latitude genetic 384 diversity is believed to instead reflect historical secondary contact and admixture of 385 lineages from distinct southern refugia (Petit et al., 2003) . Nonetheless, we find no 386 evidence of distinct refugia or mid-latitude admixture among lineages, making 387 secondary contact a less likely explanation for the patterns we observe. 388 389 Temperate forests in ENA during the LGM 390
The phylogeographic history of both C. cordiformis and C. ovata is best 391 characterized by simple latitudinal range shifts. Our genetic data and species 392 distribution models suggest that both species inhabited large areas of the southeastern United States during the Last Glacial Maximum and gradually expanded northward to 394 occupy their current distribution as glaciers retreated. We find no evidence of highly 395 genetically distinct geographic regions or of strong phylogeographic breaks that would 396 suggest population fragmentation into multiple refugia (except possibly range-edge C. 397 ovata from Texas; see below). We also find no evidence that postglacial recolonization 398 of northern areas has occurred via multiple routes or been impeded by major landscape 399 barriers.
LGM survival over large areas of the southeastern United States and gradual 400 northward recolonization is also compatible with the fossil record for the genus Carya 401 (Prentice et al., 1991; Jackson et al., 2000) . 402
While we do not detect any signatures of complex refugial dynamics or multiple 403 postglacial recolonization routes, an alternative scenario we must consider is that one or 404 both species might have experienced a more complex phylogeographic history, the 405 signatures of which have been subsequently obscured by extensive contemporary gene 406 flow (e.g., He et al., 2013). Low population genetic differentiation and an IBD pattern 407 suggest that gene flow among populations is indeed fairly high. However, both species 408 are slow growing and long lived, with peak reproduction occurring in C. cordiformis from 409 ages 50 to 125 (Smith, 1990) , and in C. ovata from ages 60 to 200 (Graney, 1990) . 410
Relatively few generations have therefore passed since the LGM, meaning that there 411 has likely been insufficient time for gene flow to erode genetic signatures of postglacial 412 expansion from multiple refugia. 413
Given that C. cordiformis and C. ovata are common, widespread tree species 414 with a geographic distribution roughly matching that of temperate forests in ENA, we 415 consider them to be model taxa for understanding the phylogeographic history of temperate forests from this region as a whole. Both species occupy a variety of habitat 417 sites, but do show relevant differences in their ecology (Graney, 1990; Smith, 1990 ). In 418 particular, C. ovata is a habitat generalist, and phylogeographic patterns for this species 419 are likely to be broadly representative of those for ENA forest taxa in general. In 420 contrast, C. cordiformis is a more mesic, bottomland species in many parts of its range, 421 and thus would be expected to be particularly susceptible to fragmentation into refugia 422 and therefore exhibit strong phylogeographic structure. However, low genetic structure 423 and lack of any evidence of distinct refugia in C. cordiformis provide particularly strong 424 evidence that temperate forests in ENA during the LGM were not highly fragmented. (Little, 1971 ). Although we have not included any high-elevation 479
Mexican populations in our genetic analyses or paleodistribution models, we cannot 480 exclude the possibility that these populations may have migrated to lower elevations 481 and come into contact with other populations during the LGM or at another time during 482 the Pleistocene. 483
However, we do not necessarily need to invoke a separate refugium or contact 484
with Mexican populations to explain the genetic distinctiveness of the range-edge TX population, because our results could also merely reflect low gene flow between TX and 486 other populations. There is likely very little gene flow between TX and populations we 487 sampled further to the east due to the absence of C. ovata in the Lower Mississippi 488 River Valley (Fig. 1) . In addition, the Ozark and Ouachita Mountains could conceivably 489 reduce gene flow with populations sampled to the north. Denser population sampling 490 across the southwestern portion of the species range could help fill in geographic gaps 491 in our PC analyses, in order to determine whether TX is truly a distinct gene pool, or 492 represents the extreme end of a rangewide IBD pattern, but is subject to greater genetic 493 isolation than other populations. 494
Given the uncertain origin of the Texas population of C. ovata, we suggest that 
